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WTND- TUN_N!3LINVESTICIATION OF ALTERNATIVE

PROPELLERS OPERATI :?GBEHND DEFLECTED

TTKG FIAPS FOliTHE XB-36 AIRPLMW

by Emanuel Foxer

SUhfi~iARY

Tests have been conducted 4.n
research tunnel to determine the ~erd.~r~ls{;~~- charac ter-
istics of two ausher propellers of ifientlcalplan fern,
hut dii’ferent e.irfoilsections operat!q behlrld a slotted
flap . ‘.%2tests -::erewade -men a ~)’ing-tlap-nacelle com-
Mnation si~llat’!n~ the crran~ement at the c~nter nzcsll~
0! the XT-33 :.irpl:.ae. Comlltions et the inhmard nacelia
ware simlisted for several tests @ .@dir-&a rladelof &he
lanCiinS&eGr.

Tests ‘wr’erode over the PSWS of l?le~e ~rgles and
flap def’lectlons riscessnry to cover al”lfl.L::mhtconditions
nf the subject al.rqlone.

The propellers, one embod~l~ KACA ~6-series sec-
tions, the other Cis!rkY, exhibltet! ve~w~similar e~fici-
encies within exparlwental error at low tip speeds for
all flap deflections. The pe.skefficiency of both pro-
pellers was reduced 2.5 ar.d6 pei-centfor 205 End hOO
flap aagles, respectlvelyo At ths take-off power coef-
ficient of 3.055 and estimated take-off flao cngle of 20°,
the efficiency loss caused by the flap is sll~ht.

Extension of the landing gear decreased tks .maxlmum
and take-off efficiencies inapprecie.bly for most con-
ditions.

Compressibility effects at a tip Nach number of 0.94.
caused a b percent reduction in peak efficiency for ths
16-series propeller when operat~n$ at a blade sngle of 10°.
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For the same condition the Clark Y propeller experienced
n 2 percent “Increase in peak efficiency. .

INIT,ODUC!lUON

An investigation of the effects of deflooted wln~
flaps u:)ontilepro~ulslve eff~ciency of propellers for
the X&j 6 afrplane has been made in the L&nQey propeller-
resonrch tunml at the request of the Air Technical Service
Col~_d, Army Air Zoirces.

ItieConsolidated.-Vultee x+36 airplane is dependent
upon the use of win~ flaps to take nff in the specified
distance. The effect of the I’lapwcke u.~on the pusher
prOpe llers was unklorn, but a aerious irpair:~~.:ltof
efficiency was lnmlied by the resulbs of several Lnitish
te9ts. ‘Therefore, s model was built simul:.ti~~ the
center nacelle of tile=-56 w:.rplanewhich ia tileinterent
of o-~tainhS r~8ults ~:sl“~l~~?ll~” as ‘>~g s~bk wag ~~ro-’j.d.d

I:ith cm available low activltti--factorpropeller with
CIP.i’!C Y section. UnpuMz shed iaesuits obtained rit-:lthis
confiLurati on proved the feasibility [)~take-off with the
ari’~;ement of the XB-36 airplane ;zro~mlstve unit; however,
the correct value of propeller thrust necessary to corymte
the ta!:e-offdistance was i~ot obtained. The efficiency at
nny Eiven forward speeclvai’ied as much as 10 percent
depend:r~ Goon the activit;~-factor correction used. There-
fore, an ml~.itional serles of ‘~sts uas ifladeusing n w.odel
of Vhe X&36 n?’opeller (Curtiss 1129-2):.e~’’adyil~ HACA
1~-series sections). ?reli~iaaii tests of this popeller
indicated ~satisfactorily lo~.’efficiencies with deflected
flaps l.;hick at thct tine were thm+)lt to be dug to tile
adve~se effects of oscillating flow upon the lo-series
secthn. TO cletermine the effect of Made sections
~.nether.p~opeller of the smne plan form but Zri>od.;.ing
Clar% Y sections was built md tested. ‘lllelar~e 193ses
noted in the preliminary tests were s-~bsequently traced
to variations in the dr~~ of the conffl.[.:~ati~nwith pro-
peller removed.

Tests v:ere made ove~ the r(m~e of blade andle ak
flap ,deflection to cover all fli@t coiidttiom of the
XJ-30 Qi~o12Ule. Althou@l neither full-scale Reynolds
nurdber i~orblade wake-pas s~e frequeilcy cOUM. be
dunlj.catad for these tests, the @lStri~Juti.On of H.cch
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number along the blade was obtalned at a blado aq$le lower
than that for take-off to deterr??ne the Mach number effects. . ..

.upon the propulsive e-fflclenay.
..-,, .

AP?AFlATIJSAHD IIETVODS

The model consi stealof a oonstant-chord wti~ with
nacelle and flap simulatil

T
the arrangement at the

center naoelle of the XB-3 airplane. (See figs. 1
and 2.) The scale of the model (4/19) was selected on a
basis of the propeller available for the prelimiilary tests.
A wlnc span of 15 feet was selected to pre”~enh tip effects
from influencins the re suits. The single-slotted flay
was used throughout tlE present series of tests because
the optimum design of a double-s?.otted flap bad not yot
been obtaii~et.. !l!hee::tenile[-.landing sear s~rul;.tjl=
conditions at t% inboard nacelle was used for several
of the tests. Because of uncertn~.nty of t~m fi-1~1~-losizn~
the nacelle nose was faired to neet the wing? onfttin~
the air inlet in the nose of the rmcelle. The e::it-~.~it
slot at the juncture of tlm nc.celleand SITiililerwas
faired over. Proposed pronol.ler cuff’sr:erenot e:ilplo;wd.

The L-i’OOt-diCiP8t0i’r~odel“prO]JellOi”S,the 51ude-
fOi~.1curves of wl;ich are Given In fi~ure 3, are of’
-.[%ntical plan for;.:(f!.:;.&) but FIIffer in ~-:l-foil se~-
ti.on and.‘~itch dlstributioa. ,~:!leCvrtifls 1129 pr ~peller
was desi~ned en.bod;ringiILCA1~-series sr.ctions. !ll~enpo-.
peller incorporating Clark Y soctlol:svas Luilt with a
slitiht‘~odifIcation of ~>itchd.istri-.ution to allow for
the difference in airf~~l characteristics. The actlvlty
factor for ooth blades is 121.

The proposed two-speed pi’cpeller drive of the orl~’ine.l
power-;jlant design has been abmndmed for structural
reasons in faver of a single-speed red-~ction. The nem
compromise gear ratio is now 0.381 which at the take-off
ewine rating ~lelds a power coefficient of 0.055. The
c orre sg ond:l.~ no-f1sy ta;m-of’f advancs ratio is reduced
to @.59.

The thrust of the installation was detemined from
the tunne1 balauce syste’h To minimize variations of
basic (propeller re:i~ved) dra~ resulting from ch.nges in
wing surface conditionss a strt::of linen tepe was k“:oed
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to tha wins surface approximately 5 percent of the chord
from.the leadlng edge. The propeller torque w&s measured
by e spring-type autogyn-indicating dynamometer.

The testing procedure iollawed for the present tegts
was to operate the proneller at a constmt speed prede-
termined for eech blade engle, while increasing the tunnel
velocity from 3“0to 100 rrillesper b.our. The rotational
gpeed was selected so tkat the propeller would morate
naar zero thwst at lqO miles per hour. In order to
obtain mfflci.ent test points at blade argles greater
than 2~c, the test arocedure was as follows: first, tho
rotational. speed was sst at the maximum value obtainable
at a low tunnel airspeed and the tunnel airspeed was
increased t~ lgo ~~leg Der ~~our; and s~c~~d, at a tunnel
atrs~e d of loo miles Der hour the rotat~on~l spsed W.QS
reduced until zern thrust was obtained.

SYM30LS

3 oropeller dimetsr, feet

s wing area, 9quere feet

v velocity of air stream, feet >er S?cand

P density of air, slugs per Cu”l:cfoot

q dyzmwic pressure, oounds EIersquare foot

()

@
2

% flap an~ie, degrees
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P.
‘J.75R

n

CD

CL

J

Cp

CT

Te

-fl

blade angle et the 0.75 radius, degrees

propeller rotational speed, rps

drag coef’ficlent
()

Dra&
qs

lift coefficient {Lift

i)zE-

“(’)

,
advance ratio -~—

()

Power~
power coefficient —

~3~5

c lenct~s prmellar removed

? denotes propeller operatin~

RZSULTS AND DISCUSSION

Ths results of the present investigation me pre-
sented in the usual propeller coefficient form of CF,i
co, and q plottad against the advar-cerct~o J.
Rbsnlts of tests sl,ruletlnE the centar nacelle ara pra-
sented in fi~res 5 to 8, the landing gear exterf.edor
inboard nacelle results in figures ~ end 10.

An indjcaticn of tha acsuracy of the data ~s shown
by the test potnts in figure 6(a). ‘l’hecurves were faired
and cross falred as a fa~ily for any one configuratioil.
The necessity for so doing is apparent from the scatter

.—. -— .-



of the force measurements shown :n figure 11. ll?lle
propeller-removed drag coefficient used to compute tile
thrust is obtained from the wing polar curve at the value
of the propeller “operating CL. Fowever, the large lift

force fluctuations dictate the use of a faired CL varia-

tion with advance ratio to reduce scatter 01’
CT ts9t

points. ‘Thusin figune 11 the solid curve is the origin~l
f’a+rin~used to ~ompute the test results for the 2C15bl&dO..
an~le of f’!gl:.re6(a). !Khedashed curve represents the
change In falrin.gnecessary to attain the cress fnired
,7
“r cuvve. ~be wximm diverg.ante betwsen the two curves
occurs ~t a J of ap~roximatel~ @.E, -fif~tha correspondin~
increase In CDC of O.WIZ~ or rO~~kil~~ percent :22 effi-
ciency.

Zffect of flaDs.- A tom?.rlson cf the ~~ak efficiency—- — ——
enve16’ijg=or tlieretracted l.nd:nti-~sar con’.iitioncre
shown in f’i~ure 12. At tke ~o-fl:,~ ta%e-cff sdvance rat:3
of 0.59, tk.e:~e~’xefficler.cy of 73 perter.twas reduced
2.5 and 6 parcent as the fla? v.e.sdeflscted to 20° and !;03,
re3pectlvely.

The r&xtm.m effic~.enc”yif:g. n-j ls Plllysli..;.tly
affected hy the landin~ ~ear. ~%e added decrement nf
efficiency ca~aed b~ flap deflectlan is of the sme
magnitude es with larding-gear retracted. Sev3rel sroko
tssts made of the flow past the l~nd.in~wheel indicated
that although scmewhat deflected by tt;eflq, a por:icn
of the wheel wake still antered tbe pr~peller iiis:keven
at the maxirmm flap angle.
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The effeots of flap defle~tlon at constant pdwen
coefficient with landing ge”arextended are sqhownin

--figure 15. The deoregse In efficlenoy is approximately
2 percent for a 20°””defl%’c-tionand 5 peroent--”fdrra-@?,._... .
defleotlon.

The results of the present. investigation agree sub-
stantially with those of the preliminary unpublished data
exoept at small flap angles wi’A landlng gear extended.
The previously obtained decrease of ].!to 5 percent in
efficiency for flap angles of 20° or less has aot been
obtained.

Effect of tip Mach number.- The effects of compm”s-
sibility upon c3ach propel ler are shown in figure 16, The
inorease In thrust and power absorption with lncreasi~
tip s~eed Is as antloipated by airfoil theory and
verified b~ previous investigation. (See refarenoe 1.)

The peak efficiency of tho nropeller with Clr.r’.:Y
secti’~ns increased 2 Percent ~fi-the ~J~~k tifficienc~~of
the propeller with 16-sertos secti.cns decree.sed):.~er-
cent as the tip hcch nmher was 1ncrcased fro:~2.~}~to
0.91+. One would expect t% propeller embodlln& NACA
l$series sections to possess a higher critical ti~>.~acii
number than the Clark Y. This is true at the desi.~nccn-
dition. ‘Towever, calculations ii~dicate that at pea!v
efficiency for t~le low blade angle of 10°, the tip sec-
tions are operating near zero CL Indicatin~ lEti’:~~

negative peak pressures for the ~~ell-cnmbered 16-ser~es
sections and a consequent loss of elemntal thrust fr~i,-.
emly shock, Figure 17 preselits aiianalytical check of’
these results based on data of reference 2. The efficiency
1s shown to decrease Witli Wmh number clthough not as
rapidly as is indioated exporinentally. Yowever, a.tthe
tnke-off blade angle and flqj d~flacticm the blade VA11
be more heavily loaded anclthe efficlency decrements
should be smaller, The Clark Y section does not experience
large negative peak pressure near zero lift and.,there-
fore, the propeller exhibits an efficiency Gain due to
the favorable compressi.bllitlreffects.



8 MR NO ● L5KG? a

“, SUMMARY Or RESULTS
. . .
..

...”
&e results of this Investigation are summarized

below:

1. Low-sneed test data Indicate th~t axceot at
extremely high blade angles the maximum eff?.ctencies of
both nropsllers can bs regarded as equal.

2. kt tbL9take-off advance ratio, the peak efficiency
of’both propellers at the center nacelle was reduced 2.5
and 6 percent far 200 and LOo flan an~les, respectivel~.

.: s Exter.slon of the lan.ciinggear decreased the
mqxlnum and tc?<e-off e:flctencias of both propellers
Slig’lt+‘~ for r.ost conditions.

5“ At s ‘Dlade angle lower than that for take-off
the com:ressibilit~ effects at the tl~ Kach number of
0.9~!.caused a k percant re~uction in peek sf’f’iciencyfor “
the 16-series ?ropellers end an increase of 2 percent
for the Clark Y.

LanFley Femrial Aeronautic&l Laboratory
National Advisory Co*lt.tee ~cm Aeronautics

L~%vley Field, Va.
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(a) Model preparedforbasicdrag tests. 6f = 400,

Figure2.- Test setup.

landhlg gear retracted.
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(b) af=0°, landinggear exterded.

-e 2.- Concluded.
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Figure 4.- Vlew of1129-24propeller blades, Clark Y left,
16-seriesright.
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IUgure 11.- Typicalre~airlngnecessaryto obtainfalred
propellercharacterl.stfcs;16-se~les;Sf s 100;@ 20°;
landinggearrebracted.
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Figure HI. -~xtended. Effect of flap deflection upon efficiency for Cp . .055. h.ndlng gear
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